In this paper, we present throughput analysis and optimization of bandwidth efficient selective retransmission method at modulation layer for conventional Chase Combining (CC) method under orthogonal frequency division multiplexing (OFDM) signaling. Most of the times, there are fewer errors in a failed packet and receiver can recover from errors receiving partial copy of original frame.
of corrupted bits and retransmission of full packet is not necessary. The receiver can recover from errors by retransmission of potentially culprit bits. The OFDM signaling allows to identify poor quality bits corresponding to the subcarriers that have low signal-to-noise ratio (SNR).
Selective retransmission at modulation layer of OFDM signaling proposed in [19] - [22] achieves throughput gain as compared to conventional HARQ methods. Throughput optimization of selective retransmission and performance analysis is not addressed in [19] .
The motivation of selective retransmission owing to the fact that in the event of failed packet under OFDM signaling at MAC layer, often receiver can recover from error by retransmitting partial information corresponding to the poor quality subcarriers. An OFDM signaling allows retransmission of information transmitted over poor quality subcarrier at physical layer (PHY) selectively. After receiving copy of information symbols corresponding to poor quality subcarriers, receiver jointly decode data in Chase combining fashion. In this work, we propose low complexity and bandwidth efficient multiple selective Chase combining (MSCC) and Chase combining with selective retransmission (CCWS) methods in cross-layer fashion at modulation layer for OFDM signaling. We also provide bit-error rate (BER) and throughput analysis in terms tight upper BER bound and lower throughput bound, respectively for the proposed retransmission schemes. The amount of information to be retransmitted for each subcarrier in the event of failed packet is function of signal-to-noise ratio (SNR) of the corresponding subcarrier. Using norm of channel gain for each subcarriers as channel quality measure, we also optimized threshold τ on channel norm for selective retransmission in order to maximize throughput. The simulation results demonstrate that proposed methods offers substantial throughput gain over conventional CC method in low SNR regime. Our results also show that there is marginal gap between analytical bounds and simulation results (Monte Carlo method ) for BER and throughput of the proposed methods. The throughput gain of the proposed schemes also hold with FEC.
We organize our manuscript as follows. First, we present system model and problem formulation (MSCC and CCWS) for selective Chase combining of OFDM system in Section II-A and Section II-B. In Section III, we present BER analysis of MSCC for one selective retransmission at modulation layer and CCWS methods. Throughput analysis for SCC and CCWS are presented in Section IV. Throughput Optimization is performed in Section V. We discuss our results in Section VI. Finally, we conclude the purposed work in Section VII. March 20, 2015 DRAFT
II. SYSTEM MODEL AND PROBLEM FORMULATION

A. System Model
We consider OFDM system for selective retransmission with n r receive antennas. Transmitter transmits information symbol using OFDM signaling over frequency selective channel of L
coefficients. An OFDM signaling converts frequency selective channel h i , where i = 1, · · · , n r , from transmit antenna to the receive antenna i into N s parallel channel [23] . Thus, a channel gain vector of ℓ-th subcarrier between transmitter and receiver pair is H(ℓ) = H
where elements of channel vector H(ℓ) are generated by applying Fourier transformation matrix F ∈ C Ns×Ns on frequency selective channel h i . The elements of vector H(ℓ) are independent and identically distributed (i.i.d.) with distribution N c (0, 1) [23] . Note that for n r = 1, SIMO-OFDM system becomes SISO-OFDM system. The matrix model of the received vector y(ℓ) for the ℓ-th subcarrier can be written as
where vector w(ℓ) ∼ N c (0, N 0 I) is an additive white Gaussian noise vector. A typical failed packet has few erroneous bits and bits transmitted over OFDM subcarriers with small channel norm H(ℓ) 2 are more susceptible to the impairments. OFDM signaling allows retransmission of targeted information symbols corresponding to the poor quality subcarriers instead of unnecessary retransmission of full packet [19] . The joint detection by combining observation of the first transmission and subsequent selective retransmission of the poor quality subcarriers enhances throughput of the transceiver under OFDM signaling. The selective retransmitted information improves bit-error rate of the poor quality subcarriers resulting into throughput gain. Note that retransmission of more information does not increase throughput linearly. The amount of information to be retransmitted is controlled by threshold τ on the channel norm H(ℓ) 2 of the ℓ-th subcarriers. The optimization of threshold τ in order to maximize throughput η of the transceiver under selective retransmission is the main focus of this work. Throughput of selective retransmission is function of probability of error, which in fact is function of τ . We present uncoded BER analysis and throughput analysis in Section III and IV, respectively, in order to optimize parameter τ in Section V. Next, we provides description of proposed MSCC and CCWS methods. 
B. Problem Formulation
Now we present our proposed cross-layer MSCC and CCWS methods for OFDM signaling.
In both MSCC and CCWS methods, medium access control (MAC) layer initiates retransmission in the event of CRC failure. Based on quality of the subcarriers, instead of full retransmission under convetional Chase combining, PHY layer initiates selective retransmission of information symbols corresponding to the poor quality subcarriers along with NACK signal. We use norm of subcarrier gain vector H(ℓ)
2 as channel quality measure. Note that OFDM signaling allows retransmission of information symbols transmitted over poor quality subcarriers ( H(ℓ) 2 < τ ) selectively avoiding overhead of retransmission of information symbols corresponding to good quality subcarriers, where τ is threshold on channel norm. The receiver feeds back partial channel state information (PCSI) when each coherent time is elapsed. We assume that due to longer retransmission delay, each retransmission encounters independent channel. First, we present MSCC method under OFDM signaling.
1) Multiple selective Chase combining:
Motivation of selective Chase combining (SCC) stems from the fact that under OFDM signaling, in the event of CRC failure, receiver can recover from errors by selectively retransmitting information symbols corresponding to the poor quality subcarriers without changing modulation. In SCC, instead of requesting full retransmission for conventional Chase combining, PHY layer requests retransmission of information symbols corresponding to the poor quality subcarriers and retains observation of the failed data in a buffer.
In response to NACK signal, transmitter retransmits requested information symbols. The receiver combines observation of the first transmission and selective retransmission of the poor quality subcarriers for joint decoding in Chase combining fashion and discards buffered observations.This is defined as one round of SCC. Note that one round of conventional CC consists of first transmission followed by full retransmission in the event of CRC failure. The receiver decodes information from observations of first transmission and selective retransmission jointly. Let M be the maximum allowed number of rounds of CC at MAC layer. At the end of each retransmission round of CC, receiver discards buffered observations and initiates new CC round (if CRC check fails). In selective retransmission, the amount of information to be retransmitted is controlled by threshold τ on the norm of subcarrier gain H(ℓ) 2 . The threshold τ can be optimized to maximized throughput for given average SNR. In SCC, one round of selective retransmission consists of one round of CC. In [19] and [22] , SCC method is presented for SISO-OFDM and MIMO-OFDM under OSTB coded signals, respectively. In this work, we optimize threshold τ on channel quality to maximize throughput for SCC and present throughput analysis. We also propose MSCC method that achieves significant throughput gain over SCC method. We present provide tight upper BER performance bound and throughput analysis of proposed MSCC method.
One retransmission round of MSCC method in PHY consists of at most Ω many conventional CC rounds at MAC layer. In one round of MSCC method, a receiver continues to request retransmission of information symbols over ℓth subcarrier of a failed packet until sum of normsquare of the subcarrier gains from all iterations of selective retransmission of MSCC method is larger than threshold τ or allowed number of retransmissions is reached. If CRC check is satisfied, selective retransmission and CC rounds are terminated followed by ACK signal to the transmitter. Let J be the count of retransmission rounds of CC at MAC layer. For the I-th iteration of selective retransmission at modulation layer of the J-th retransmission round at MAC layer, if needed at modulation layer, receiver request retransmission of poor quality subcarrier which
where Ω is the maximum number of retransmissions Section IV-A, respectively. We also optimized threshold on channel quality that controls amount of information need to be transmitted that maximizes throughput in Section V. layer initiates selective retransmission of β 2 poor quality subcarrier for which H c (ℓ) 2 < τ similar to the first transmission, where
The joint detection as a result of full retransmission at MAC layer processes β 1 + β 2 + 2N s observations to decode N s log 2 M bits and achieves BER performance P e 2 . Let M be the maximum number of allowed rounds of transmissions of a packet and J be the round counter for the transmission of the k-th packet of CCWS method. The flow graph of CCWS protocol for the k-th packet is presented in Algorithm 2. We present tight upper bound on uncoded BER and lower bound on throughput of CCWS method under OFDM signaling over Rayleigh fading channel in Section III-B and Section IV-B, respectively. We also optimized threshold on channel quality that controls amount of information need to be transmitted that maximizes throughput in Section V. Performance analysis of SCC and CCWS is presented next.
III. PERFORMANCE ANALYSIS
In this section, we present tight upper bounds on BER of joint detection for MSCC and CCWS methods at PHY layer. We use these tight upper bound on BER to optimize throughput of the March 20, 2015 DRAFT proposed selective retransmission methods in Section IV. We first derive upper bound on BER of MSCC method discussed in Section II-B1 for Ω = 1 (SCC).
A. BER analysis of SCC
One round of MSCC consists of Ω round of conventional CC method. In case of CRC failure of the first transmission, receiver buffers observations corresponding to the first transmission and requests retransmission of the poor quality subcarrier as shown in Figure 1 . Let h(t) and h s (t) be the channel impulse responses of the first transmission and selective retransmission, respectively shown in Figure 1 . We assume that h(t) and h s (t) are independent due to longer retransmission delay. Note that norm of subcarrier gain and norm of subcarriers channel vector are channel quality measures for SISO-OFDM and SIMO-OFDM systems, respectively. In a typical failed packet, there are fewer error bits and retransmission of potentially culprit bits corresponding
to the poor quality sub-carries can help receiver to recover from error by performing joint detection. In SCC, PHY layer is aware of retransmission due to cross-layer design and performs joint detection for poor quality subcarriers combining observations from the first transmission and subsequent selective retransmission.
Each element of the complex channel vector H(ℓ) of the ℓ-th subcarrier follows Gaussian distribution with mean zero and unit variance obtained by applying N s point DFT matrix on frequency selective channel h(t) of the first transmission of a CC round . The estimate of information symbol over the ℓ-th subcarrier after equalization iŝ
where u(ℓ) is the effective noise with distribution
and additive noise w(ℓ) are scalars and vectors for SISO-OFDM and SIMO-OFDM systems, respectively. Selective retransmission method at modulation layer retransmits partial copy of symbols by targeting symbols corresponding to the poor quality subcarriers for retransmission.
Thus, information symbols corresponding to the subcarriers with channel norm-square H(ℓ) 2 less than threshold τ are selected for retransmission. That is, ( H(ℓ) 2 ≤ τ ). The symbols transmitted over subcarriers for which H(ℓ) 2 > τ are omitted from retransmission due to the fact that they are less susceptible to impairments. In this work, we search for threshold τ , which optimizes the amount of information to be retransmitted in order to maximize throughput of an OFDM system.
We denote the outcomes H(ℓ) 2 > τ and H(ℓ) 2 ≤ τ by the events ξ and ξ c , respectively.
The probabilities of events ξ and ξ c are
respectively, where random variable χ 1 = H(ℓ) 2 has Chi-square distribution of degree 2n r [24] and P (ξ c ) = 1 − P (ξ) = P (χ 1 ≤ τ ) . Now for Rayleigh fading channel,
where
is variance of real and imaginary components of complex channel coefficient of a subcarrier. When event ξ c occurs, receiver performs joint detection by combing observation of the first transmission and subsequent retransmission. The combined channel response
T is constructed by stacking channel of the first transmission and selective retransmission. If there are β 1 many subcarriers with H(ℓ) 2 ≤ τ , then there will be joint detection for β 1 subcarrier for SCC method (β 1 = N s =⇒ full retransmission). Estimate of information symbol as a result of joint detection iŝ
Chi-square random variables χ 1 and χ 2 = H s (ℓ) 2 are i.i.d. of degree 2n r each. The bit-error probability of joint detection for selective retransmission over Rayleigh fading channel is
where P e|ξ and P e|ξ c are the conditional bit-error probabilities of single detection and joint detection, respectively. Now we evaluate threshold τ to achieve target BER. Let P eτ be the biterror rate and τ be the corresponding channel norm of a subcarrier. Then, for constellation set March 20, 2015 DRAFT of cardinality M, relationship between P eτ and τ is
where c and g are modulation constants of constellation set [23] . Since Q(.) is monotonically decreasing function SNR, in order to achieve BER smaller than P bτ , H(ℓ) 2 > τ . That is, P e|ξ ≤ P eτ . Therefore, threshold on the gain of a subcarrier is
We use this threshold for selective retransmission at modulation layer to ensure P e ≤ P eτ . In Section V, we search for threshold τ that maximized throughput . The upper bound on probability of error for joint detection of selective Chase combining (SCC) is
where E H|ξ c and E H|ξ are conditional expectations. The subscript s in (9) represent selective Chase combining method. The conditional probability density function
, where χ 1 > τ . In order to solve first term of (9) [25] ,
we have
Similarly,
The upper bound on P es in (9) using approximation of Q-function [26] , (10) and (11) can be written as [22] , [25] P es ≤ c 12
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Simplifying (12), we have upper bound on probability of error of the joint detection as follows
where ρ = 24] . Note that in (13) , P e j is function of τ , which controls amount of information to be retransmitted in selective retransmission.The probability of error of the first transmission with n r receiver antenna can be derived from (13) by setting parameter τ → 0, which means that probability of selecting a subcarrier for retransmission is almost zero. For τ → 0, (13) becomes
which is probability of error of the first transmission with n r receive antennas. Similarly, for full retransmission, τ → ∞ and BER upper bound can be achieved by setting τ = ∞ in (13).
Thus,
In low SNR regime, receiver needs more information during retransmission to recover from errors. Therefore, threshold τ on channel norm has large value in low SNR regime. Throughput η is function of probability of error of first transmission P e and probability of error of joint detection P es , which is function of SNR and threshold τ . We use (13) and (14) to search of optimal value of τ to maximize throughput of SCC method in Section IV . Now we provide BER analysis of CCWS method.
B. BER analysis of CCWS
The probability of bit-error P e 1 of the first transmission of CCWS is in fact P es for SCC given in (13) . There are two outcomes from the first transmission related to the ℓ-th OFDM subcarrier denoted by ξ and ξ c with probabilities
It is important to note that BER P e 1 of the first transmission of CCWS is upper bounded by (13) . That is, P e 1 = P es .
Now we evaluate upper bound on BER for joint detection when CRC failure occurs for CCWS method. Let H c (ℓ) be the channel of the ℓ-th subcarrier during full retransmission of packet of Chase combining protocol. Similar to SCC method, modulation layer initiates retransmission of the poor subcarriers H c (ℓ) 2 < τ for the full retransmission. We denote the event H c (ℓ)
In response to full retransmission of failed packet, receiver combines β s +N s observations of the first transmission and β c +N s of full retransmission for joint detection.
Note that β c is the number of poor subcarriers retransmitted at modulation layer due to full retransmission at data link layer. Probability of error of joint detection is as follows:
where events ξ 1 , ξ 2 , ξ 3 and ξ 4 defined as follows: 
2) Event ξ 2 occurs when H(ℓ) 2 ≤ τ and H c (ℓ) 2 > τ . The resulting joint channel response
3) Event ξ 3 occurs when H(ℓ) 2 > τ and H c (ℓ) 2 ≤ τ . The resulting joint channel response for joint detection of CCWS into
gain of the ℓ-th subcarrier selected for retransmission during full retransmission of failed packet at data link layer.
4) Event ξ 4 occurs when H(ℓ)
2 ≤ τ and H c (ℓ) 2 ≤ τ . The resulting joint channel for joint
T , where H s (ℓ) and H sc (ℓ)
are the channels corresponding to the selective channels from the first transmission and full retransmission of CCWS method. Note that random variables H s (ℓ) 2 and H sc (ℓ) 2 are i.i.ds. with Chi-square distribution of degree 2n r each.
Second and third terms in (16) are equivalent due to the fact that P (ξ 2 ) = P (ξ 3 ) and random variables H 2 (ℓ) and H 3 (ℓ) are i.i.ds. Therefore, E H P (ξ 2 )P e|ξ 2 + P (ξ 3 )P e|ξ 3 = 2E H P (ξ 2 )P e|ξ 2 . Note that all channel realizations of the ℓ-th subcarrier of an OFDM system are i.i.d. with Gaussian distribution of mean zero and unit variance. In order to achieve joint upper bound on BER for joint detection of CCWS method, we rewrite (16) as follows:
Note that H 1 (ℓ) 2 = χ + χ c in the first term of (17) is sum if two i.i.d. chi-square random variables , where χ > τ and χ c > τ . Using approximation of Q-function in [26] and, following (10) and (11), we have
March 20, 2015 DRAFT where χ < τ , χ s ∈ R and χ c > τ . Simplifying (19), we have
Also, it can be shown that
where χ < τ , χ s ∈ R, χ c < τ and χ sc ∈ R. Now using (18), (20) and (21) in (17), we have
In next section, we present throughput analysis and optimization with respect parameter τ for SCC and CCWS.
IV. THROUGHPUT ANALYSIS
Now we present throughput analysis of the proposed SCC and CCWS methods. In throughput analysis, we consider infinite many rounds of retransmission. One round of retransmission March 20, 2015 DRAFT consists of first transmission followed by a retransmission. The receiver preserves observation corresponding to the first transmission for joint detection. We consider joint detection for retransmission by combining observation from the first transmission and subsequent partial or full retransmission. In practice, transceiver pair continues retransmission rounds until error free packet is received or maximum number of retransmission rounds are reached. For throughput analysis, we follow conventional definition of throughput η, which is ratio of error-free information bits received k to the total number of bits transmitted n ( η = k n ). Let P e and P es be the bit-error probabilities of the first transmission and joint detection followed by retransmission, respectively.
Assuming that each bit in the frame is independent, probability of receiving an error-free packet of length L f with probability of bit-error P e is p c = (1 − P e ) L f . Then probability of receiving a bad packet is p ǫ = 1 − p c . Similarly, for joint detection,
we present throughput analysis of SCC method.
A. Throughput analysis of SCC
Now we provide throughput analysis of SCC method. In response to the NACK signal in the event of packet failure, receiver initiates selective retransmission of poor quality subcarriers instead of full retransmission. Let m be the fraction of subcarriers selected for retransmission.
That is, at a given SNR, fraction m = P ( H(ℓ) 2 ≤ τ ). In SCC, each retransmission round consists of first transmission followed by partial retransmission resulting in to transmission of k(1 + m) bits in each round. Let p c and p cs be the probabilities of receiving correct frame from the first transmission and joint detection of SCC method, respectively. The probabilities of receiving bad frame from the first transmission and joint detection of SCC are p ǫ and p ǫs , respectively, for SCC. The probabilities of frame error p ǫ and p ǫs are functions of BER given in (13) and (14), respectively. Thus, expected number of information bits n to be transmitted to receive k error-free bits are [27] 
where α = p ǫ p ǫs . Note that 1 + 2α + 3α
(1−α) 2 [28] . Therefore,
Thus, throughput of SCC methods is
It is clear from (13) , (14) and (26) that throughput η s = f (τ, SNR). Next, we present throughput analysis of CCWS method.
B. Throughput analysis of CCWS
In CCWS method, modulation layer executes selective retransmission for first transmission of a packet and full retransmission in the event of CRC failure. Thus, for each of the first transmission and subsequent full retransmission of OFDM symbol initiated by Chase combining protocol at data-link layer, k(1+m) information bits are transmitted, where additional km bits are the results of selective retransmission for the first transmission and full retransmission. Similar to SCC method, P e 1 and P e 2 be the probability of error for the first transmission and joint detection corresponding to the retransmission. Since CCWS method employs selective Chase combining during first transmission, the bit-error probability of the first transmission is given in (13) . The bit-error rate P e 2 for joint detection CCWS is given in (22), respectively. We denote probabilities of receiving error-free frame of length L f for the first transmission and selective March 20, 2015 DRAFT retransmission by p c 1 and p c 2 , respectively. The corresponding probabilities of receiving incorrect frame for first transmission and joint detection in the event of packet failure are p ǫ 1 = 1 − p c 1 and p ǫ 2 = 1 − p c 2 , respectively. The expected number of information bits transmitted to deliver error-free k information bits for CCWS method are [27] n =k.
Let α = p ǫ 1 p ǫ 2 , then
After simplification of (28), we have [28] 
Throughput of CCWS method is
Note that similar to the throughput η s for SCC method, throughput η c of CCWS is also function of parameter τ that controls the information to be transmitted during selective retransmission.
The parameter τ can be optimize to maximize throughput under OFDM signaling. Next, we discuss search for optimal τ for SCC and CCWS to enhance throughput of OFDM transceiver.
V. THROUGHPUT OPTIMIZATION
In this section, we optimize throughput of the proposed selective retransmission methods at modulation layer. The amount of information that a receiver request to the transmitter in the event of a packet failure has direct impact on the throughput of the transceiver. Most of the time, especially in high SNR regime, receiver can recover from bit errors by receiving little more information and employing joint detection. In selective retransmission at modulation level, March 20, 2015 DRAFT threshold τ on channel norm of a subcarrier is measure of quality of a channel. By choosing proper threshold τ , receiver can request minimum information needed to recover from errors for a failed packet. The threshold τ is function of SNR and modulations such as 4-QAM and 16-QAM. It is clear from (26) and (30) that throughput of SCC and CCWS methods, respectively, are function of frame-error rate (FER). Furthermore, FER is not a linear or quadratic function of SNR and parameter τ . Now we write unconstrained optimization problem for throughput η with respect to parameter τ as follows:
Since throughput η is non-convex function in parameter τ , optimal τ that maximizes throughput η for each SNR can be computed off-line using exhaustive search. Thus, a table of optimal threshold τ to maximize throughput for SNR operating points can be generated using throughput expression in (26) and (30) for SCC and CCWS methods, respectively. Note that each retransmission method has different throughput function η = f (τ, SNR). For example, analytical throughput function for SCC and CCWS is given in (26) and (30), respectively. In Section VI, we maximize η = f (τ, SNR) with respect to parameter τ . Note that parameter τ appears in probability of frame error p ǫ , which is function of probability of bit-error presented in Section (III). Although η = f (τ, SNR) is not linear or quadratic function of τ at a given SNR, Figure 2 shows that for a given SNR, τ o that maximizes throughput η is unique for SCC method. The optimal τ o can be computed off-line from throughput lower bound for SCC and CCWS using (26) and (30), respectively.
Based on channel condition, amount of information to be transmitted can be controlled using vector τ o . Figure 3 shows optimal threshold τ o for SNR points that maximizes throughput CCWS method. In low SNR regime, throughput η is more sensitive to threshold τ as compared to high SNR regime. This is due to the fact that in high SNR regime, very few errors occur during first transmission resulting in to fewer retransmissions. We use threshold vector τ o in next section to compute throughput.
VI. SIMULATION
Now we present efficiency for aforementioned SCC, CCWS and MSCC methods for optimized threshold τ o on the throughput of OFDM systems. In simulation setup, we consider 4-QAM constellation for OFDM signaling under Rayleigh fading frequency selective channel. We use respectively. We also provide throughput results of SCC and CCWS methods in comparison with conventional Chase combining method. We denote analytical and simulation throughput by η a and η m , respectively. In order to maximize throughput, threshold τ on channel norm of OFDM subcarriers is optimized for each SNR point of SCC and CCWS protocols. We analytically compute threshold vector τ o off-line to maximize throughput of SCC and CCWS methods from the analytical throughput using (26) and (30), respectively. We also demonstrate that throughput gain our proposed CCWS and MSCC methods hold under CC-HARQ method at MAC layer.
We consider half-rate LDPC code (648, 324) to evaluate efficacy of CCWS and MSCC methods. Figure 7 also reveals that CCWS outperforms SCC in low SNR regime. This is due to the fact that at low SNR, joint detection using more retransmission improves throughput of the communication systems. Figure 7 also compares analytical throughput η oa and simulation throughput η om of SCC and CCWS methods. Analytical throughput η oa of SCC and CCWS is computed using (26) and (30), respectively. The throughput expressions for SCC and CCWS in (26) and (30), respectively, provide tight lower bounds on throughput as shown in Figure 7 . Now we present impact of thresholds τ o and τ f on the throughput of SCC and CCWS methods. However, throughput η om of CCWS with optimal threshold vector τ o is higher than throughput η f m of CCWS with threshold vector τ f that achieves BER of full retransmission. . BER of MSCC for retransmission count Ω = 1, 2 and 3 for optimal threshold τ 0 on channel norm is presented in Figure 9 . The threshold values of vector τ 0 that maximize throughput η at corresponding SNR point are obtained from exhaustive search using (31). Throughput of MSCC with joint detection of three selective retransmissions is higher than CCWS as well. As shown in Figure 10 , there is throughput improvement by jointly detecting MSCC for three and four selective retransmissions. Throughput gain of MSCC method is significant in low and moderate SNR regime. of uncoded methods is higher than coded schemes. Figure 12 also reveals that throughput of CCWS has higher throughput as compared to SCC method. Also, proposed methods have higher throughput than conventional coded and uncoded CC methods. Thus, simulation results demonstrate efficacy of the proposed methods with and without channel coding.
VII. CONCLUSION
We presented performance analysis and throughput optimization of the proposed selective retransmission methods at modulation layer for OFDM system. We provide tight BER upper bound and lower throughput bound for SCC and CCWS methods. We optimize threshold τ to maximize throughput of the proposed selective Chase combining methods. We also generalize SCC method to multiple retransmission at modulation layer in response to packet failure. The simulation results show that there is marginal gap between throughput from Monte Carlo runs and that of from throughput analysis.
The simulation results also demonstrate significant throughput gain of optimized selective retransmission methods over conventional Chase combining methods with and without channel coding.
